the HAl region of the hemagglutinin RNA of QC/91, in comparison with those of most common HlNl human and swine influenza A viruses, showed the presence of multiple point mutations. Two amino acid substitutions appeared to be located in antigenic sites Sb and Ca. This correlates with antigenic variations demonstrated between A/NJ/8/76, A/SwIWI/49/76, and Quebec isolate A/Sw/QC/5393/91 of swine influenza virus A. Another mutation was responsible for the loss of a glycosylation site, which may have also affected the antigenicity. The other mutations seem to have been accumulated progressively over time. This significant constancy in the fixation of mutations with time suggests that genetic diversity of these viruses may best be interpreted as the result of drifts in the population of circulating swine influenza viruses in Quebec.
Swine influenza virus A (SIV) subtype HlNl was the first of the influenza viruses to be isolated and identified (11) . Serological surveys during the last 15 years indicate that subtype HlNl seems to prevail in North America (7, 22) , although there are several reports that the H3N2 subtype also infects swine in North America (7, 11) . The HlNl and H3N2 subtypes are responsible for 85 and 15% of disease problems in Quebec swine herds, respectively (12) . Recently, a new antigenic variant of type A influenza virus was found to be associated with proliferative and necrotizing pneumonia (PNP) in swine (9, 17) . Experimentally, the PNP-associated SIV strain A/Sw/QC/5393/91 (QC/91) was able to reproduce the disease in 1-week-old gnotobiotic or specific-pathogen-free piglets (9) . Hemagglutination inhibition reactions with reference hyperimmune sera to SIV subtypes HlNl A/NJ/8/76 (NJ/76) and A/Sw/WI/49/76 (WI/ 76) indicated that QC91 is antigenically distinct (9) .
Type A influenza viruses undergo two types of genetic variations; one is point mutations or deletions (2, 19) , and another is genetic reassortment (2, 28) . Sequencing studies of the hemagglutinin (HA) genes of human influenza virus field strains have shown that variations occur predominantly in the HAl subunit (6, 15, 22, 27) . To elucidate the extent of genetic changes that may have affected the antigenicity and pathogenicity of the QC/91 virus, T1 oligonucleotide fingerprinting of the total viral RNA and nucleotide (nt) sequences of the HAl region of HA RNA were analyzed in comparison with that of a more classical SIV strain from Quebec.
The viral isolate QC/91 was recovered from lung homogenates of PNP-affected pigs (9) . The isolate AISw/QC/192/81 (QC/81) was recovered in 1981 from clinical specimens obtained from Quebec pig farms that had experienced typical outbreaks of epizootic swine influenza (18) . Viral isolates were plaque purified twice on Mardin-Darby canine kidney (MDCK) cells in the presence of trypsin and were further propagated by inoculation into the allantoic cavities of 11-day-old-embryonated eggs (9) . The egg-grown viruses were purified by differential and isopycnic centrifugation on sucrose gradients as described previously (3) . Viral RNA was extracted by the guanidinium isothiocyanate-acid phenol method (8) .
T1 oligonucleotide mapping of genomic RNA was performed by using RNase T1 (Sigma, St. Louis, Mo.) essentially as described previously (23) . The T1 oligonucleotides were resolved by two-dimensional gel electrophoresis (10) . The RNA fingerprint patterns of QC/91 and QC/81 viruses were compared, and the degree of homology was determined by calculating the percentage of large oligonucleotides shared by both isolates. Evaluation of relatedness was confined to the 73 largest oligonucleotides. Thirty-threeoligonucleotide spot differences were found (Fig. 1) , corresponding to 55% oligonucleotide homology, and this accounts for at least a 5% predicted sequence difference (1) .
Oligonucleotide primer pairs for PCR were chosen in order to permit amplification of a product 1,078 bp in length spanning nt 8 to 1085 of the HAl region of the HA gene containing the most important antigenic regions Ca, Sb, and Sa and the proteolytic cleavage site (6, 15 -.
-- comparison with those found in any of the U.S. strains. Strain QC/91 differed from strain QC/81 by 14 aa mutations. Both strains QC/91 and QC/81 have two aa mutations at residues 289 and 293 that were not found in any of the U.S. strains. In addition, the U.S. strains isolated in 1988 shared five aa changes with Quebec isolate QC/91 (residues 10, 233, 251, 275, and 287) which are not present in the strains isolated in 1976 and 1982. This suggests that these aa's, especially those at positions 233, 251, and 275, may be related to the evolution of SIVs.
Earlier studies of SIVs indicate that two distinct antigenic variants are currently circulating in pigs in different regions of the world (14, 25) . Some were termed U.S. viruses because they appeared to be closely related to NJ/76, and others were termed European viruses because of their avian ancestry. Classical SIV has circulated and persisted in North American swine herds for more than 60 years. In Europe and Asia, they usually have not persisted for long periods; this is (16, 20, 21 to, but distinguishable from, SIV strains currently circulating in North American swine herds. The production of monoclonal antibodies directed against the HA of the QC/91 isolate is under investigation in order to obtain specific molecular probes for diagnostic purposes.
Nucleotide sequence accession numbers. The nucleotide sequence accession numbers (EMBL/GeneBank/DDBJ) are as follows: U03720 for A/Sw/QC/192/81 and U03719 for A/Sw/QC/5393/91.
